PHY455
Spring, 2016
Exam #3




Name		_______________






Total		_______________


All answers should be given in eV or Å and related units where appropriate, and SI unless otherwise specified. All answers should be given numerically wherever possible unless otherwise stated.

Show your work.


1. Plot and label (clearly and completely) a typical phonon dispersion for a (3D) material having 3 atoms per unit cell.
[image: ]
2.  Plot the heat capacity vs. T for a non-metal, indicating the T dependence at various appropriate limits.

[image: ]

3.  Based on a phonon model, explain why you would expect the resistivity of a metal to increase with increasing temperature?




















4.  Given the velocity of sound for Si of 2.20x103 m/s, find the force constant (in SI units).













5.  For a 1D crystal with lattice constant 2.50 Å, find the momentum (in SI units) and the energy (in eV) of a neutron that would excite a phonon at the zone boundary.




6.  Sketch and label completely the dispersion relation for the Debye Model and the Einstein model for the 3D crystal.

[image: ]
[image: ]
7.  Derive the 2D phonon density of states N, A, and vs.



















8.  For the 2D case find the Debye frequency in terms of N, A, and vs.









9.  Find an expression for the heat capacity in terms of N, A, and vs for a 2D crystal using the Debye Model. Examine the limit at high T.


















10.  Find the Debye frequencies and Debye temperatures for Si assuming a 2D and a 3D crystal. Assume the same Si lattice constant and a square or simple cubic lattice for the 2D and 3D cases, respectively. Assuming the Debye temperature is related to the melting point, do the differences make physical sense? Explain. 

















11.  For a 1D diatomic lattice, evenly spaced atoms, lattice constant a; force constant C, masses M1 and M2.
Now assume that M1=M, M2 = 2M, 
a.   Plot the phonon dispersion in the first BZ, clearly labeling axes  and critical points (in terms of C/M).
[image: ]



b.  Find the relationship of vs. k at low k (drop terms in (ka)2 and above) in terms of ka, C/M.
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